One of the biologically active quinones, coenzyme Q (CoQ), is widely distributed in nature and primarily localized in the mitochondria of animal cells (1, 2). There is con siderable evidence to support the fact that CoQ may be an important carrier for mediating between flavoprotein and cytochrome chains in mitochondria (3, 4).<BR> On the other hand, there is considerable literature on the pharmacologic action of exogenous CoQ (5, 6), however, reports investigating structure-activity relationship, e.g. relationships between the activity and the polyisoprenoid side chains or the quinone ring, etc. are few. The mechanism of action of CoQ also has not been ascertained. To clarify these points, effect of CoQ on the root potentials of perfused frog's spinal cord was investigated.
Bull-frogs, weighing approx. 200 g, were used. The spinal cord was perfused with Tasaki Ringer's solution (NaC1 111.0 mM, KC1 1.88 mM, CaCl2 1.08 mM, NaHCO. 2.38 mM, NaH2 PO, 0.08 mM, Glucose 11.11 mM) according to the method described by Matsuura et al. (7) , and the ninth and tenth ventral and dorsal roots, were used for electrical stimulation and recording.
Primarily, the dorsal root was stimulated and the followed responses were recorded from the ipsilateral ventral root (synaptic reflex; SR), from the contralateral ventral root (crossed DR-VRR) or from the adjacent dorsal root (from the ipsilateral upper or lower segmental dorsal root; DR-DRR). Dorsal root potentials evoked by stimulation of the ipsilateral ventral root were also recorded (VR-DRP).
An electronic stimulator (Nihon-Kohden; model MES-3R) at a frequency of 0.2 cps and a duration of 0.1 msec was used. The intensity of stimulation was set to produce a 50 percent response.
Ag-AgC12 electrodes were employed both for stimulation and recording. Responses evoked by stimulation were recorded on an oscilloscope (VC 7; Nihon-Kohden) through a biophysical amplifier (AVB-2; Nihon-Kohden) with a time constant of 0.03 sec (SR, crossed DR-VRR and DR-DRR) or 0.3 sec (VR-DRP).
The various CoQ preparations used were provided by Nisshin Miller Co., Ltd., Japan. though to a lesser extent than that of MSR (Fig. 1) .
The structural requirement for MSR-potentiating effect of CoQ was specific for the isoprenoid side chain. Namely, it was noted that the longer the length of isoprenoid side chain, the lower was the effective concentration and, in addition, the greater was the re producibility of the effect (Fig. 2) .
The time required for maximum effect did not differ significantly among the various CoQ compounds tested.
SR potentiatin; effect and the quinone nucleus
To study the role of the quinone nucleus in the pharmacological action of CoQ, the effects on SR of undecaprenol, isoundecaprenol and dodecaprenol, derived from substitu tions of hydroxyl radicals for the quinone nuclei of CoQ,, and CoQ12 ( Fig. 3) were studied.
None of these compounds, however, was found to exert any significant effect on MSR, thereby indicating that the quinone nucleus is essential to the SR-potentiating effect of CoQ. 
SR-potentiating effect and isomer
The stereochemical requirement for SR-potentiating action of CoQ was studied to com pare the pharmacological effect between cis-trans forms and all-trans forms of CoQ,I and COQ,,.
As shown in Fig. 2 , the all-trans forms of these CoQ were more potent than the cis-trans forms.
Effects of CoQ on the actions of strychnine and low Cl on spinal responses
Strychnine (10-' M) markedly increased the amplitude of SR, especially that of PSR (Fig. 1 ). This effect was not modified by the presence of CoQ. On the other hand, the chloride ion is an important factor in the development of IPSP (8, 9) and perfusion with low C1 Ringer's solution (1/3-1/2 of normal content) followed by a transient increase in amplitude of PSR, whereas there was little alteration in MSR. The effect of low C1 on SR was similar to that of strychnine and was not modified by the coexistence of CoQ.
Effect of CoQ on stimulation intensity-response curve (V-R curve)
The amplitude of MSR as a function of stimulus intensity was studied along with the Not only the length of the isoprenoid side chain but also the molecular steric structure was concerned in its action, and the all-trans forms in which CoQ occurs in nature (10) was found to be more effective on SR than the cis-trans form.
On the other hand, the pharmacological action of CoQ was lost by substitution of -OH for the quinone nucleus.
Thus, it appears that the nucleus is essential to the SR-potentiating action.
Acetylcholine, 5-hydroxytryptamine, prostaglandins and others reported as transmitters in the spinal reflexes are being clarified pharmacologically (7, (11) (12) (13) as well as high Mg++ (15) . In the present study, the SR was observed to be depressed by low Ca++ or by Mg++, and this suppression was antagonized by CoQ, however, as 2. Substitution of -OH for the quinone nucleus resulted in loss of the SR-poten tiating action, there by suggesting that the quinone nucleus is essential to the pharma cologic action.
3. SR-potentiating effect of CoQ was more prominent in MSR than in PSR, while strychnine and a low Cl perfusate was followed by an even greater potentiation in PSR than MSR. The effects of strychnine and low C1 on SR were not modified by CoQ at all.
4. When the SR-potentiating effect of CoQ appeared, the V-R curve shifted si multaneously to the left and upward, the upward shift being more conspicuous.
5.
CoQ potentiated equally such orthodromic responses as SR, crossed DR-VRR and DR-DRR, but failed to exert any effect on antidromic response, VR-DRP.
6. CoQ were found to antagonize the suppressive effects of low Caand Mg" on SR.
